
QflSce 



i 



R^C'D 


2 7 JUL 2000 


WlPO 


PCT 



INVESTOR IN PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
Newport ^ 
South Wales ' 

20/018762 

I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that by virtue of an assignment registered under the Patents Act 1977, the 
application is now proceeding in the name as substituted. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e. 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the cc||^ny to certain additional company law rules. 



Signed 
Dated jun 200Q 



ecutive Agency of the Department of Trade and Industry 




This Page Blank (uspto) 



Paltents Form 1/77— 



Patenf tt 1977 

(Rule 16)"^ 



THt 



NT nf -if f: f 



1 ^ ■ 'i M icon 



RECEIVED BY POST | 



Request for grant of a patent 

(See the notes on the back of this form. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 



QflBoe 



17.TUf(99 E455073-1 C06256_. 
POl/7700 0.00 - 9913989.1 




r^l m 1999 



The Patent Office 

CardiflfRoad 
Newport 

Gwent NP9 IRH 



1 . Your reference P/61 728.GB A/MRC 

2. Patent application nuidber 

(The Patent Office will fill in this part) 



9913989.1 



. 3. Full name, address and postcode of the or of 

each applicant (underline all surnames) Marconi Electronic Systems Ltd 

Patents ADPmmbGrafyouknowit) The Grove err. "X^ . \ - OO . 

' Middx 

HA7 4LY 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Title of the invention 



AM RECEIVER 



5. Name of your agent (if you have one) 



Gillian Cockayne 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(induding the postcode) 



Patents ADP number (if you know it) 



GEC PATENT DEPARTMENT 
WATERHOUSE LANE 
CHELMSFORD 
ESSEX CM12QX 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Countiy 



No 



Pnonty application number Date of filing 

(if you know it) ^ (day /month /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the numiber and the filing date of 
the earlier application 



Number of earlier application 

No 



Date of filing 
( day /month /year) 



8. Is a Statement of inventorship and of right 
to grant of a patent required in support of 
this request? (/inswer yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 
See note (d)) 



Yes 



Patents Form 1/77 





5TOR IN PEOPLE 



Office 




GB9913989.1 



By virtue of a direction given under Section 30 of the Patents Act 1977, the application ts proceeding in the name of 



MARCONI CASWELL LTD 
One Bruton Street 
LONDON 
IX 8AQ 

United Kingdom 

Incorporated in the United Kingdom 
[ADP No. 07806326001] 



An Executive Agency of the Department of Trade and Industry 



- Patents Form 1/77 



r the number of sheets for any of the 
:onowing items you are filing with this form. 
Do not count copies of the sanae docun^nt 

Continuation sheets of this form 

Description (17) 

Claim(s) (4) 

Abstract (1) 

Drawing(s) (2) 

1 0. If you are also filing any of the following, 
state how many against each item. 

Priority docun^nts (-) 

Translations of priority docimients (-) 

Statement of inventorship and right 
to grant of a patent (Patents Fom 7/77) 0) 

Request for preliminary examination 

and search (Patents Fom 9/77) (1) y 

Request for substantive examination 

(Patents Fom 10/77) (-) 

Any other d 

(please sp^c{ 

I patent 



Air 




T Norris TeL 01245 27 5133 



12. Name and daytime telephone number of 
erson to contact in the United Kinp Hnm 
Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office wOl consider whether publication 

'^"Tr^/''^^**''''"'"'"^ ^ ^-y- P-rtiLrmore, if you live in the 

wrttn^ltl f J f'^^^^^^^^ 

Un Z KiZ^ "^^^ -^i'^^"""" has been filed at least 6 weeks beforehand in L 

UnitedKmgdomforapatentforthesameinventionandeiihernodirectionprohibiting^^^^^ 
communKation has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 



b) 
c) 

d) 
e) 



Write your answers in capital letters using black ink or you may type them. 

"""T 'fT-^'"' '^'"'■^ '^yP'"^ of this form, please continue on a separate 

amlhid^th^fa^ '=«'««n«a/fon sheet" in the relevant part(s). Any continuation sheet should be 

If you have answered 'Yes' Patents Form 7/77 will need to befiUd. 
Once you have filled in the form you must remember to sign and date it. 
For details of the fee and ways to pay please contact the Patent Office. 



Patents Fonn 1/77 



P/61728.GBAyMRC 

AM RECEIVER 

The present invention relates to an amplitude modulation (AM) receiver for anaplifying and 
detecting anq)litude modulated radiation and signals. 

Conventional receivers operable to receive awp]itud& modulated radiation and generate 
corresponding denoodulated signals, for example receivers such as domestic radios, often 
incorporate a number of sections; these sections conventionally conprise an antenna for 
receiving the radiation and generating a corresponding received signal, transmission radio 
frequency (r.f.) an^lifiers for an^jlifying and filtering the received signal to provide an 
amplified signal and a detector for demodulating the amplified signal to provide a 
demodulated output signal. These sections consiune significant power when operational, 
even when operating at reduced power in stand-by mode awaiting incoming radiation, for 
exanqjle awaiting radiation bearing *Svake-up-codes" in mobile telephones. This significant 
power consimq)tion is a problem which limits operating time from a given set of batteries 
supplying power to the sections. This problem also pertains to radio transponder tags 
incorporating miniature power cells to provide electrical power thereto, for exain)le as 
incorporated into identity tags and electronic access keys for automobiles. 

A further problem arises in conventional receivers where the received signal is often in the 
order of microvolts and where considerable anqjlification is required to provide aniplified 
signals of sufficient magnitude to operate detection diodes in detectors of the receivers; such 
detectors often exhibit cutoff voltages which prevent them from detecting signals presented 
thereto below a minimum threshold aii5)litude. Because there is a practical limit to a degree 
of anqjlification that can be provided without risking spurious oscillations arising, this 
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(b) being roore sensitive to the input signal because detection diodes imposing a lower 
response threshold are not incorporated therein. 

Conveniently, detection of the anq^Iified input signal occurs by the transistor providing 
signal mixing therein. Advantageously, the transistor is operable in a non-linear region of 
its current/voltage transfer characteristic. This provides the advantage that the ancplified 
input signal is mked with itself, namely "autoheterodyned", to demodtilate it directly to 
baseband to provide the demodulated signal 

Advantageously, the transistor functions in its non-linear region at a relatively low supply 
current, thereby making the receiver more power efficient. Thus, for example, the ^ansistor 
can be operable to conduct a current therethrough in a range of 5 \iA to 100 |iA when 
functioning in its non-linear region. 

In order for the transistor to function simultaneously as a reflection amplifier and as a 
detector, the transistor is preferably configured so that amplified reflected signals are 
generated at an input of the transistor for subsequent detection in the transistor; the transistor 
presents a negative input resistance at its input to achieve this function. In contrast, 
conventional non-linear mixers enq^loying transmission an^lifiers do not generate amplified 
signals at their inputs and do not then inject them back for demodulation pxirposes. 
Conveniently, the transistor incorporates an electrode for receiving the input signal, the 
electrode being connected through a signal path to a signal earth such that the path is 
operable to convey reflected signals between^the transistor and the signal earth, and to divert 
the input signal to the electrode. 
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practical limit imposes a lower threshold anpUtude for received radiation, and hence a 
limited operating range, to which the receivers are responsive. This lower threshold 
anqjUtude is a problem in some appUcations. especiaUy where more remote receiver 
op^ation is contenqjlated. 



In conventional receivers, it is a well known principle that an r.f transmission an^lifier 
providing a non-linear transfer characteristic can be used as a demodulator for demodulating 
ampUtude modulated signals. This principle was frequently employed in the context of 
theimionic electron tubes incorporated into radio receivers before a time when silicon 
semiconductor devices became widely available, the electron tubes functioning as 
transmission aiiq)liiiers. 



The inventor has appreciated that it is feasible to combine a number of radio jeceiver 
sections together to obtain a simplified receiver circuit which counteracts one or more of the 
problems described above. 

According to a first aspect of the present invention, there is provided an AM receiver for 
receiving an input signal and generating a corresponding demodulated signal, the receiver 
incorporating a transistor biased to be simultaneously operable as a reflection mspMex for 
reflectively amplifying the input signal and as a detector for detecting die amplified input 
signal to generate the demodulated signal. 

The invention provides the advantage that the receiver is capable of: 
(a) consuming less power on account of exploiting reflective amplification, in contrast 
to transmission anqjlification enqjloyed in the prior art; and 
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According to a second aspect of the iBvention, receivers according to the first aspect of the 
invention can be incorporated into a GPS receiver, thereby providing it with relatively 
reduced operating current consunoption and increased detection sensitivity. Conveniently, 
the GPS receiver incorporates a plurality of receivers according to the invention, receiving 
means for receiving input radiation and generating a coircsponding received signal, and 
processing means for filtering, amplifying and gating the received signal to provide input 
signals for the pluraUty of receivers to demodulate to provide demodulated signals fiom 
which a positional reference for the GPS receivw is derivable. 

According to a third aspect of the invention, the invention provides a method of ampUtude 
demodulating an input signal using an AM receiver according to the first aspect, the method 
conprising the simultaneously executable steps of: 

(a) receiving the input signal and reflectively amplifying it in the transistor to generate 
an anoplified input signal; and 

15 (b) passing the amplified input signal through the transistor operating in a non-linear 
mode to demodulate it and thereby generate a corresponding demodulated signal 

Embodiments of the invention will now be described, by way of exanple only, with 
reference to the following diagrams in which: 

20 

Figure 1 is a schematic diagram of a first embodiment of an AM receiver according to the 
invention; and 

Figure 2 is a schematic illustration of a GPS receiver incorporating the receiver shown in 
25 Figure 1. 
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Referring to Figure 1, there is'fflustrated an AM receiver indicated by 10. The receiver 10 
incoiporates a patch antenna 12, a gallium arsenide (GaAs) field effect transistor (FET) 14, 
a current source 16 and a power source 18. The antenna 12 is connected to a gate electrode 
14g of the transistor 14 and also through a link 20 to a signal earth Eg. The power source 
18 incorporates an output P Connected to a drain electrode 14d of the transistor 14. The 
'^l??!' ^ "^T'®/?*®?:^ source electroite 14s wMchis.cp^^ tanninal 
II of the current source 16. A second tenninal 12 of the source 16 is also connected to the 
signal earth Eg. The link 20 and the terminal 12 are both connected at a single point onto 
the signal earth Eg. 

The source electrode 14s is also connected to an output Q whereat a demodulated signal is 
provided firom the receiver 10. 



Operation of the receiver 10 will now be described with reference to Figure 1. The 
15 transistor 14 is in a grounded gate configuration so that a positive bias provided by the 
power supply 18 at its output P causes a current Ip^ in the order of microamperes to flow 
between the electrodes 14d, 14s and through the current source 16. Preferably, 1,^ is in a 
range of 5 jiA to 100 [lA. The current 1^^ is sufficiently small for the transistor 14 to 
operate as a reflection an^jlifier in a non-linear region of its transfer characteristics. It has 
been experimentaUy verified that the transistor 14 provides reflective an?)lification by 
measuring a signal gain provided by the receiver 10; it is not possible for the receiver 10 to 
provide such high amplification if the transistor 14 were ftinctioning as a transmission 
amplifier. The current source 16 is operable to maintain the transistor 14 biased-in the non- 
linear region. 



20 



25 
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In its reflection mode of operation, the transistor 14 provides a square law signal transfer 
characteristic according to Equation 1: 



Eq. 1 



where 

^ = small signal change in Ip^r; 

Vg3= small signal change in potential difference between the gate electrode 14g.and 

source electrode 14s; and 
ko = a gain constant. 

Assuming to a first approximation that: 




Eq.2 



where ki = constant. 



and that: 



Sr = ka S„ sin cj^t 



Eq. 3 



where 



a constant; 



an an^)litude modulating signal; 



(Or = angular carrier frequency of the radiation 22; and 
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The antenna 12 receives incoming radiation 22 and converts it to a received signal S^. The 
signal Sr propagates fix)m the antenna 12 to the gate electrode 14g and through the link 20. 
The link 20 provides an approximately quarter wavelength signal path between the signal 
earth Eg and the gate electrode 14g at the carrier frequency of the radiation 22; as a 
consequence, the link 20 does not divert the received signal S« from the gate electrode 14g 
because a low impedance presented by the link 20 where it connects to the earth Eg.is 
transferred to an open circuit at the gate electrode 14g. The link 20 also functions as an 
inq>edance matching conqjonent; its length can be trimmed to afford an inpedance match 
between the transistor 14 and the antenna 12. 

The transistor 14 operates on the signal in a two stage process, namely the transistor 14: 

(a) amplifies the received signal Sr at its gate electrode 14g by reflection to generate an 
reflectively amplified signal Sa thereat; and then 
15 (b) demodulates the signal S^. by virtue of the transistor 14 providing a non-linear 
transfer characteristic, to output a demodulated signal at the source electrode 14s. 
The demodulated signal propagates to the output Q for subsequent proccKing. 



In practice, the two stages (a) and (b) occur sinniltaneously. 

In contrast to this two stage process, prior art demodulators do not provide in-situ reflective 
amplification and simultaneous detection and are therefore relatively less sensitive in 
comparison to the receiver 10. In contradistinction to the receiver 10, conventional 
demodulators employing gain devices operating non-linearly to provide ampUtude 
demodulation incorporate the devices configured to function as transmission amplifiers. 
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(i) it operates on relatively low currents, for exanqjle \xA; 

(ii) it provides both aioplification and detection directly from high frequencies to 
baseband; 

(iii) it is capable of operating with signals of relatively lower amplitude than 
conventional receivers; and 

(iv) it is potentially cheap and requires few component parts. 

The advantages make the receiver 10 attractive for use in short distance radio links such as 
wfreless local area computer networks, for remotely interrogatable identification tags, and 
for use as enhanced performance detectors in mobile telephones and in global positioning 
system (GPS) receivers. 

The receiver 10 provides a synergistic advantage of reflective amplification and detection 
using a single transistor. Moreover, the receiver 10 is capable of operating at microwave 
frequencies, for exan:ple around L5 GHz; experimental results at these frequencies have 
demonstrated that it can eaxsphfy and detect amplitude modulated radiation giving rise to 
a received signal from the antenna 12 in the order of -80 dBm. The results demonstrate that 
the receiver 10 is a considerable itrprovement compared to conventional diode-type 
detectors which cannot detect such small received signals without considerable transmission 
an^jlification being employed to an^)li£y the received signals prior to diode detection. 

Applications of the receiver 10 include use as: 

(a) low power receivers for multimode tag devices, for exanqjle personnel wearable 
tags. Conventional multimode tags are cq>able of transmitting messages in an active 
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t= time, 

then fix>m Equations 1 to 3: 
5 Wr = l^k,2 Wsin^<^t = V^k„ Vk2^S„^(l-cos2a)Rt) Eq. 4 

If high frequency conponents, namely at the angular frequency o)r and higher, are ffltered 
out from die output Q, then the output win be according to Equation 5: 

10 Q = k3S„^ Eq.5 

where kg = a constant, namely k3=ko k^^ V^. 

In practice, filtration of the high frequency conqranents will occur in circuits connected to 
15 the receiver 10, for exan5)le audio amplifiers exhibiting a bandwidth from 50 Hz to 20 kHz, 
which are not responsive to such components. 

Equation 5 corresponds to a demodiilated baseband signal at the output Q. Thus, the 
transistor 14 is capable of providing signal an^lification at low operating cuiTents and also 
20 providing direct dranodulation to baseband. 



If the signal S„ is digital binary data, non-linearity inpUcit in Equation 5 is inconsequential 
The receiver 10 provides the advantages that: 

25 : 
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parking position in a car park incorporating a constellation of low power radio 
transmitters from which the fobs can derive positional references; and 

(c) ultra low power GPS receivers. 

GPS receivers are well known for use in determining positional references on the earth's 
sxirface. A conventional GPS receiver functions by transmitting encoded radiation at a 
number of carrier frequencies in the order of 1.5 GHz to a constellation of equatorial 
geostationary satellites and measuring time durations for the radiation to reach the satellites, 
to be ant^Ufied therein and then transmitted therefrom and be received back at the GPS 
receiver. Each satellite is responsive to radiation in a particular frequency range associated 
therewith. Distances corresponding to the time durations are calculated ia the GPS receiver 
and geometrical confutations then applied to determine a positional reference for the 
receiver from the distances because the positions of the satellites are known in advance. The 
radiation emitted by the GPS receiver is encoded by a pseudo-random bit sequence 
generated within the receiver; this encodtog enables the GPS receiver to recognise its 
radiation transmitted back from the satellites. 

Detemiination of time duration is achieved in the GPS receiver by correlating "early", "on 
time" and **late" versions of the pseudo-random bit sequence with radiation received back 
at the GPS receiver. This is necessary in order to ensure signal synchronisation and hence 
achieve a reliable and accurate time duration measurement. 

Referring now to Figure 2, there is shown a GPS receiver indicated by 100. The receiver 
100 incorporates a circularly polarised anteima 110, a magnetostatic surface wave device 
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mode at a greater range than they are capable of receiving messages in a semi- 
passive mode. The active mode has the disadvantage that higher levels of power 
consumption are associated therewith conpared to the semi-passive mode. 
Conventionally, tag power consnnption can be reduced by sampling techniques 
where the tags enter their active mode for a relatively short period at intervals; use 
of these techniques results in complex operating protocols for the tags. The receiver 
10 is capable of providing, when incorporated into a multimode tag, a highly 
sensitive **wake-up" receive capability which provides the tag with an enhanced 
operating range and reduces the need for corcplex operating protocols; 

security receivers for automobiles. Such security receivers incorporating the 
receiver 10 are capable of: 

(1) exhibiting lower power consun^Jtion, for exan:^>le consuming in the 
order of tens of \iW; 

(2) being of lower cost; and 

(3) operating at ultra high frequencies (UHF) around 500 MHz to 600 
MHz and above corr^ared to conventional security receivers. 

Security receivers incorporating the receiver 10 can be operative to compaunicate 
security codes, for example *Yadio keys" allowing authorised access to vehicles and 
control of immobilisation systems incorporated therein. The receiver 10 is 
sufficiently simple and conqjact to incorporate into a key fob, thereby enabling bi- 
directional communication links to be provided between vehicles and- their 
associated key fobs. Such bi-directional links enable more complex security 
protocols to be used, thus enhancing security, and permits further added value 
functions to be added in the fobs, for example memorising an associated vehicle's 



-10- 



P/61728.GBA/MRC 

The unit 140 conq^rises three output terminals Kj, K3 connected to input terminals B^, 
B2, B3 of reflection an5)Iifiers 152, 154, 156 respectively. The reflection an5)Iifiers 152, 154, 
156 are incorporated into the assembly 150. The amplifiers 152, 154, 156 also iacorporate 
control terminals Ci, C2, Q to which 'late", "on time" and "early" control signals are 
connected from corresponding terminals J^, J2, J3 of the measurement unit 178 respectively. 
These control signals are identical pseudo-random bit streams, namely sequences of data, 
which are time shifted with respect to one another, usually by a period corresponding to Vi 
or 1 bit duration in the sequences. 

The teraiiuals K^, Kj, K3 are also connected to inputs G^, Gj, G3 of surface acoustic wave 
(SAW) filters 162, 164, 166 respectively. The filters 162, 164, 166 incorporate oufputs W^, 
W2, W3 which are connected to inputs Zi, Z^, Z3 of the receivers 172, 174, 176 respectively. 
The receivers 172, 174, 176 include outputs D^, Dj, D3 at which 'late", "on tinae" and 
"early" signals are output respectively. These outputs D^, Dj, D3 are connected to 
corresponding iaputs E^, Ej, E3 of the measurement unit 178 respectively. 

The filter^lator 120 incorporates a thin layer, namely iu a thickness range of 10 |im to 100 
fjim, of yttrium iron garnet (YIG) deposited onto an al uminum or quartz substrate, which 
provides a signal propagation path through the isolator 120. 

The SAW filters 162, 164, 166 are operable to delay signals propagatiag therethrough and 
also bandpass filter them. The an5)lifier 130 is arranged to amplify signals received thereat 
and subsequendy reflected therefi-om by +23 dB. The receivers 172, 174, 176 are operable 
to provide +20 dB anplification gain as well as amplitude modulation detection as described 
above with reference to die receiver 10. The an5)lifiers 152, 154, 156 are switchable at their 
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(MSWD) filter/isolator 120. a reflection amplifier 130, a three-way spUtter unit 140, an 
assembly of reflection amplifiers 150, an assembly of narrowband svirface acoustic wave 
filters 160, and an assembly of receivers 170. The assenibly 170 incorporates three receivers 
172, 174, 176 which are each identical to the receiver 10 in Figure 1. The receiver 100 also 
incorporates a measurement unit 178 for processing 'late", "on time" and "early" outputs 
generated by the assembly 170 and generating sigimk at terminals Ji, Jj, J3 for use in the 
assembly 150. Moreover, the receiver 100 additionally incorporates a conqjutation unit 180 
for determining a positional reference by triangulation firom time measurements provfiied 
by the measurement unit 178 to provide the positional reference as data at a tenninal M<, of 
the unit 180. Design of the measuranent unit 178 and the confutation unit 178 will be 
familiar to one ordinary skilled in the art of GPS receiver design. 

The reflection anqilifier 130 and the assembly 150 incorporate reflection airplifiers 
according to our UK patent GB 2 284 323 B whose contents are hereby incorporated by 
reference with regard to transistors fimctioning as reflection a^^)lifiers when operating in 
a linear region of their transfer characteristics. The reflection amplifiers each comprise a 
FET, namely a silicon JFET or a GaAs device, configured by means of a feedback 
arrangement such as to operate within a linear region of its current/voltage characteristic 
such that it reflects a signal received thereat with an increased magnitude. 

The antenna 1 10 incorporates an output Sa which is connected to a first input terminal H, 
of the filter/isolator 120. The filter/isolator 120 incorporates a second terminal which 
is connected to an input/output tenninal F of the anqilifier 130, and also a third terminal H3 
which is connected to an input tenninal Kq of the splitter unit 140. 
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prominent an^litude when correlation thereof with one or more of the control signals 
occurs. 

The signals Siq, S^, S^j, switched by the an^lifiers 152, 154, 156 respectively to be 
an^lified or attenuated, propagate to the inputs Gi, Gj, G3 respectively. The filters 162, 
164, 166 bandpass filter and delay the signals S^q, S^^, S12 propagating therethrough to 
provide corresponding signals S20, S21, S22 at the outputs Wj, W2, W3 respectively. The 
inputs Zj, Z2, Z3 receive the signals S20, Sji, S22 which pass to the receivers 172, 174, 176 
whereat they are amplified and demodulated to provide **late", "on time" and "earl/* output 
signals at the outputs Dj, Dj, D3 respectively. The signals D^, Dj, D3 propagate to the 
inputs Ej, E2, E3 respectively of the measurement unit 178. 

The unit 178 monitors the inputs El, E2, E3 to identify signals thereat corresponding to 
coirelation of the signals present at the terminals K^, Kj, K3 with those generated within the 
measurement unit 178 and output via the terminals Jj, J2, Jj to the terminals Q, C3 
respectively. By doing so, the measurement unit 178 determines, by an iterative process, 
a time duration for radiation emitted fix)m the receiver 100 to propagate to the first satellite 
and be received again by the receiver 100. 

The receiver 100 repeats measiu-ements as described above for second and third 
geostationary satellites to derive three time duration measurements. The measurement unit 
178 outputs these measurements to the computation unit 180 which calculates therefrom 
corresponding distances from which a positional reference is calculated by a process of 
triangulation to provide positional data at an output Mq. 
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terminals Q, Cj, Q respectively so that each provides +20 dB gain in a high gain state and 
-20 dB gain in a low gain state. 



Operation of the GPS receiver 100 wiU now be described with reference to Figure 21 

The GPS receiver 100 emits from its transmitter units (not shown) conneeted to the 
measurement unit 178 encoded radiation to a first geostationary satellite (not shown) which 
amplifies and transmits the encoded radiation to provide input radiation 190 which is 
incident on the antoma 1 10. 



The antenna 1 10 receives the input radiation 190, the radiation being C code GPS radiation 
at 1574.42 MHz frequency, and generates a signal Sj corresponding thereto. The signal Si 
propagates to the first terminal of the filter/isolator 120 through which it passes to the 
second terminal Hj whereat it is output to the tenninal F of the an^)lifier 130; the 
filter/isolator 120 is operative to selectively limit conponents of the signal Sj whose 
ampUtude exceeds a threshold level, the level determined during manufacture of the 
filter/isolator 120. The amplifier 130 fimctions as a negative resistance and reflectively 
anqjlifies the signal S, to generate a corresponding aiiq)lified signal Sj which propagates 
from the terminal F back to the tenninal of the filter/isolator 120. The signal Sj 
propagates from the terminal Hj to the tenninal H3 at the filter/isolator 120 whereat it is 
output as a signal S3. The signal S3 propagates to the input Ko of the splitter unit 140 which 
divides the signal S3 to generate three signals S,o, S„, S^ at the outputs K^, Kj, K3 
respectively. In response to the control signals applied to the terminals C„ Q, C^, the 
anplifiers 152, 154, 156 selectively reflectively airplify or attenuate the signals S^o, S^, $12 
respectively; thus, the signals S,o, S^, thereby become time gated such as to assume a 
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The receiver. 10 is operable to inherently additionally provide an automatic gain control 
(AGC) characteristic for compressing the dynamic range of signals applied to the receiver 
10. By appropriate choice of negative resistance exhibited by the transistor 14 at its gate 
electrode 14g, the current can be arranged to decrease in response to increased input 
signal stTCTgth so that the negative resistance exhibited at the gate electrode 14g changes to 
provide reduced gain. 

By incorporating a frequency-sensitive cutoff filter, for example a bandpass filter, in a 
signal path between the antenna 12 and the gate electrode 14g, it is feasible to convert the 
AM receiver 10 into a frequency modulation (FM) receiver for demodulating frequency 
modulated radiation. The filter is operative, for exanq>le slightly off resonance, to provide 
signal attenuation for signals propagating therethrough in response to frequency change of 
the signals; such attenuation is manifest as anplitude modulation in signals provided from 
the filter which the transistor 14 is op^tive to demodulate. Moreover, because the receiver 
10 can be adapted to be an FM receiver, it is also capable of functioning as a phase detector 
for demodulating phase modulated radiation and signals. 
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In broad overview, the control signals applied to the terminals C^, Q to gate the 

signal Si fiom the antoina 1 10 to provide the output signals at the outputs D^, D2, D3 which 
are processed by the units 178, 180 for detenimung the time durations and hence a 
positional reference for the receiver 100. Determination of the positional reference will be 
familiar to one ordinarily skilled in the art of GPS receiver design where the output signals 
at the outputs D^, Dj, are used to steer a code generator incorporated into the measuring 
unit 178 for use in synchronisation and hence determining the time durations. 

The GPS receiver 100 is capable of operating with lower power consumption con:9ared to 
conventional GPS receivers. The receiver 100 achieves this lower consuncption by 
exploiting reflective aiqplification in the anq)lifier 130, in the assembly of reflection 
anplifiers 150 and in the assembly of receivers 170. E^qploitation of reflective amplification 
provides an additional advantage of allowing the receiver 100 to be fabricated into a GaAs 
microwave monolithic integrated circuit (MMIQ connected to associated MSWD and SAW 
devices. Such a MMIC is potentially a relatively low-cost conopact coioponent for 
incorporation into GPS systems. 

It win be appreciated by those skilled in the art that variations may be made to the receiver 
10 and to the GPS receiver 100 described in the foregoing without departing fiiom the scope 
of the invention. For exan5)le, the link 20 can be replaced by a filter network operative to 
bias the transistor 14 to provide reflective gain whilst imparting a narrower passband 
characteristic to the receiver 10, thereby making it more fi-equency selective. Moreover, the 
transistor 14 can be a silicon transistor when the circuit 10 is operable to receive radiation 
at relatively lower frequencies, for exainpl& at VHP frequencies in a range of 100 MHz to 
150 MHz. 
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which is responsive to input signal magnitude, thereby providing the receiver with 
an AGC characteristic. 

An EM receiver incorporating an AM receiver according to any one of Claims 1 to 
6, the FM receiver further conprising converting means for converting an input 
frequency modulated signal applied thereto into a corresponding an^litude 
modulated signal which the AM receiver is operable to demodulate to provide a 
denaodulated output signal 

A receiver according to Claim 7 wherein the converting means comprises a band 
pass filter operable oflF resonance to convert the fi-equency roodvilated signal into the 
corresponding anoplitude nciodulated signal. 

A GPS receiver incorporating one or more receivers according to Claim 1, 2, 3, 4, 
6 or 7, receiving means for receiving input radiation and generating a corresponding 
received signal, and processing means for fUtering, amplifying and gating the 
received signal to provide input signals for the one or more receivers to demodulate 
to provide demodulated signals firom which a positional reference for the GPS 
receiver is derivable. 

A receiver according to Claim 9 wherein the receiving means is a circularly 
polarised antenna. 

A receiver according to Claim 9 or 10 wherein the processing means incorporates 
reflection amplifiers for amplifying and gatiag the received signal for generating the 
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CLAIMS 

1. An AM receiver for receiving an input signal and generating a corresponding 
demodulated signal, the receiver incorporating a transistor biased to be 
simultaneously operable as a reflection an5)lifier for reflectively amplilying the 
input signal and as a detector for detecting the aii5)lified iiqjut signal to generate the 
demodulated signal 

2. A receiver according to Claim 1 wherein the transistor is operative in a non-linear 
region of its current/voltage transfer characteristic. 

I A receiver according to Claim 2 wherein the transistor is operable to conduct a 
current therethrough in a range of 5 |iA to 100 |xA to function in its non-linear 
region. 

A receiver according to Claim 1, 2 or 3 wherein the transistor incorporates an 
electrode for receiving the input signal, the electrode connected through a signal path 
to a signal earth such that the path is operable to convey reflected signals' between 
the transistor and the signal earth, and to divert the input signal to the electrode. 

A receiver according to Claim 1, 2, 3 or 4 wherein the receiver incorporates an 
antenna assembly for receiving input radiation and generating therefrom the input 
signal for the transistor. 

A receiver according to Claim 1, 2, 3 or 4 arranged to provide a gain therethrough 
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generate an anplified input signal; and 

(b) passing the an^liiied input signal through the transistor operating in a non- 
linear mode to demodulate it and thereby generate a corresponding demodulated 
signal 

A receiver substantially as hereinbefore described with reference to Figxu-e L 

A GPS receiver substantially as hereinbefore described with reference to Figures 1 
and 2. 
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processed signals. 

A receiver according to Claim 9, 10 or 11 wherein the processing means 
incorporates magnetostatic filtering and frequency selective limiting means for 
processing the received signal 

An identification tag incorporating a receiver according to any one of Claims 1 to 
8 operable to be responsive to radio radiation received thereat 

A wireless local area network for intercoimecting computers, the network 
„_ incorporating a receiver according to any one of Claims 1 to 8 for performing 
demodulation of signals wifliin the network. 

A mobile telephone incorporating a receiver according to any one or Claims 1 to 8 
operable to provide demodulation of signals propagating therein. 

An electronic security key incorporating a receiver according to any one of Claim 
1 to 8 for performing demodulation of signals propagating therein. 

A key according to Claim 16 wherein the receiver is housed within a key fob. 

A method of amplitude demodulating an input signal using an AM receiver 
according to Claim 1, the method comprising the simultaneously executable steps 
of: 

(a) receiving the input signal and reflectively anqjlifying it in the transistor to 
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ABSTRACT 

The invention provides an AM receiver (10) incorporating an antenna (12), a transistor (14), 
a current source (16) and a power supply (18). The antenna (12) is connected to a gate 
electrode (14g) of the transistor (14) and through a link (20) to a signal earth. In operation, 
the antenna (12) receives radiation and generates a corresponding input signal which 
propagates to the gate electrode (14g). The transistor (14) is operable to process the input 
signal in two steps, namely to reflectively atnpiify the input signal to g«ierate a 
correspondingly reflectively anoplified input signal at the gate electrode (14g) in a first step, 
and an^jlitude demodulate the amplified input signal in a second step. The trart^istor (14) 
is operable in a non-linear region of its current/voltage characteristic whereat it 
simultaneously provides reflective amplification and signal demodulation, namely the two 
steps occur simultaneously. In contradistinction, conventional demodulators enq>loying gain 
devices operating non-linearly to provide an^jlitude demodulation incorporate the devices 
configured to fimction as transmission amplifiers. 
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